ABSTRACT Two experiments were conducted to evaluate the effect of amino acid (AA) injections in ovo in Cobb broiler breeder eggs on hatchability and subsequent chick BW. In Experiment 1, moisture, crude fat (CF), and CP were analyzed over time during incubation (Day 0, 7, 14, and 19 of incubation). Moisture, CP, and CF of the embryo increased, and moisture, CP, and CF of eggs decreased, as incubation time increased (P < 0.05). Combined egg and embryo AA contents, except Gly and Pro, decreased (P < 0.05) as incubation time increased. How-
INTRODUCTION
Large eggs have larger embryos than embryos from smaller eggs (Al-Murrani, 1978) . A 1-g difference in egg weight results in a 10-g difference in 56-d broiler BW (AlMurrani, 1978) . Thus, broiler breeder eggs at the beginning of egg production may result in chicks of low BW. In contrast to mammals, avian embryo development is restricted by the nutrients within the egg. Also, embryo and chick weight are influenced by yolk nutrient status because of the chicks' yolk utilization posthatch.
Broiler breeder eggs contain an excess of fat and moisture but not protein (Al-Murrani, 1978) . It has been shown, however, that broiler breeders fed low energyhigh protein diets have eggs with decreased hatchability (Pearson and Herron, 1982) . Al-Murrani (1982) demonstrated that injecting an amino acid (AA) mixture (identical to the AA pattern of egg protein) into growing embryos of broiler breeder eggs resulted in higher chick BW at hatch and at 56 d of age as compared with chicks from control embryos. The US poultry industry's acceptance of in ovo-administered vaccination programs is increasing (Johnston et al., 1997) . However, research concerning in ovo nutrient administration (e.g., AA) in broiler breeder eggs is minimal. The present study was conducted to 1 To whom correspondence should be addressed: ohta-y@infotopia. or.jp 1493 ever, the pattern of AA in the egg did not change as the embryo developed. In Experiment 2, AA were injected into the yolk or air cell at Day 0 and 7 of incubation. Hatchability was reduced (P < 0.05) when AA were injected at Day 0 of incubation. However, when the AA solution was injected into the yolk sac at Day 7 of incubation, hatchability was not affected, and BW of chicks increased relative to egg weight prior to incubation. These results suggest that in ovo administration of AA may be an effective method of increasing chick BW at hatch.
evaluate in ovo administration of AA on embryos and subsequent chick weight in addition to monitoring embryonic changes in CP, AA, crude fat (CF), and moisture content during incubation.
MATERIALS AND METHODS
Two experiments were conducted utilizing 250 fertilized commercial eggs of a Cobb strain. All eggs were obtained from the same breeder flock and were laid within a 24-h period. Eggs were incubated at 37.8 C and 60% RH. Experiment 1 was conducted to evaluate the transfer of nutrients from the egg to the embryo at different days of incubation. One hundred eggs were selected randomly and divided into four groups of 25 eggs, each weighing an average of 73.0 ± 0.3 g. On Days 0, 7, 14, and 19 of incubation, 20 eggs from each group were weighed, and contents of egg and embryo were collected. Embryos were removed from the amniotic fluid and separated from the yolk sac. Five embryos were pooled, to give the required mass for analysis, and minced with a mincing machine. Samples were freeze-dried until analyzed for CP, CF, moisture, and AA. The CP content of egg and embryos was determined by the micro-Kjeldahl method, CF was determined by ether extraction, and moisture was determined by drying at 105 C for 24 h according to AOAC Abbreviation key: AA = amino acid, CF = crude fat. ) after hydrolysis with 6N HCl at 110 C for 22 h. Both Met and Cys were oxidized with performic acid before hydrolysis (Slumys and Bos, 1985) .
In Experiment 2, a 0.5-mL AA solution that matched the AA pattern of an egg was injected into the yolk sac or air cell in 15 eggs weighing an average of 68.7 ± 3.8 g on Days 0 and 7 of incubation. Al-Murrani (1978) suggested that differences in protein content of eggs at Day 7 of incubation affect the growth of embryos. In addition, Vitamin D precursor administration into eggs has been done from Day 0 of incubation in Japanese quail (Elaroussi et al., 1993) . If AA administration is possible before incubation, it may be safer. Therefore, AA were administered on Day 0 and 7 of incubation. The large end of the egg (injection site) was sterilized prior to incubation with 70% ethanol. Egg injection treatments consisted of 0.5 mL of AA solution, 0.5 mL of sterile water, or no injection (control). A 1-mL disposable syringe and a 22-gauge needle were used for treatment injections into the eggs. The 0.5-mL injection solution (Table 1) contained the same amount of AA as that utilized by the growing embryo during 7 d as described by Al-Murrani (1982) . The Trp concentration was calculated from a Trp:Lys ratio in the egg (Long, 1971 ). An injection solution of 0.1 mL solution was injected five times at 24-h intervals because the air cell was too small to be injected with 0.5 mL solution at one time on Day 0 of incubation. Needle punctures in the shell were sealed immediately with paraffin wax. After injection, eggs were returned to the incubator, and the BW of hatched chicks was recorded.
Treatments were analyzed by ANOVA using the General Linear Models procedure of SAS (SAS Institute, 2 HITACHI Co. Ltd., Tokyo, 100-0005 Japan. Means in the same column with no common superscripts differ (P < 0.05).
1
Values are means ± SD for 20 embryos, eggs, and shells.
1988). When differences among means were found, means were separated using the LSD test. Statements of significance are based on P < 0.05 unless otherwise indicated. The comparison of hatchability data was done by the chisquare test.
RESULTS

Experiment 1
Throughout incubation, embryo weight increased, and shell weight decreased (Table 2) . Egg shell weight tended to decrease after Day 7 of incubation. The sum of embryo, egg, and shell weights decreased to 88% of initial weight at Day 19 of incubation.
In comparison with CP, moisture content was higher, and CF was lower, in eggs and embryos at all stages of incubation (Table 3) . Egg CP, CF, and moisture decreased, and embryo CP, CF, and moisture increased, over time during incubation. The change in CP, CF, and moisture relative to the initial egg is shown in Figure 1 . Total contents of CP did not change, moisture decreased to 90%, and total CF decreased exponentially to 69% as incubation time increased. The ratios of transferred CP, CF, and moisture into the embryo were 58, 29, and 64% of egg, respectively, on Day 19 of incubation. Also, the transfer ratio of CF was one-half the level of other nutrients. All AA of egg decreased as incubation time increased. The total AA contents of egg and embryo decreased, except Gly and Pro, as incubation time increased (Table 4) . The AA contents of egg and embryo as a function of Lys are shown in Figure 2 . Because the ideal protein of broilers is described as the AA ratio to Lys, the aminograms in egg and embryo are described as ratios to Lys (Baker and Han, 1994) . Essential AA pattern of egg was constant, (Table 4) . Asp = aspartic acid; Thr = threonine; Ser = serine; Glu = glutamic acid; Gly = glycine; Ala = alanine; Val = valine; Cys = cystine; Met = methionine; Ile = isoleucine; Leu = leucine; Tyr = tyrosine; Phe = phenylalanine; Lys = lysine; His = histidine; Arg = arginine; and Pro = proline. (Table 4) . Asp = aspartic acid; Thr = threonine; Ser = serine; Glu = glutamic acid; Gly = glycine; Ala = alanine; Val = valine; Cys = cystine; Met = methionine; Ile = isoleucine; Leu = leucine; Tyr = tyrosine; Phe = phenylalanine; Lys = lysine; His = histidine; Arg = arginine; and Pro = proline.
but Gly and Pro increased in embryos with advancing incubation time. The aminograms described as ratios of each AA to Lys in egg and embryo on Day 7, 14, and 19 are shown in Figure 3 . The AA ratios of embryo and egg were similar. Means in the same row with no common superscript differ (P < 0.05).
1
Values are means ± SD for five eggs and embryos.
2 Asp = aspartic acid; Thr = threonine; Ser = serine; Glu = glutamic acid; Gly = glycine; Ala = alanine; Val = valine; Cys = cystine; Met = methionine; Ile = isoleucine; Leu = leucine; Tyr = tyrosine; Phe = phenylalanine; Lys = lysine; His = histidine; Arg = arginine; and Pro = proline.
Experiment 2
Because the pattern of AA transferred to embryo was similar to that of the egg in Experiment 1, the AA solution with the same AA pattern as an egg was prepared for FIGURE 4. Change in total contents of glycine (Gly), serine (Ser), and threonine (Thr) of hatching eggs during incubation. injection in Experiment 2 (Table 1) . Injecting AA into the yolk sac or air cell at Day 0 of incubation resulted in hatchability of 13.3% (Table 5 ). In the groups treated on Day 7 of incubation, zero hatchability was observed in the group in which the AA solution was injected into the air cell, whereas hatchability of the group injected into the yolk sac was similar to that of the control group at Day 7. There was no significant difference in BW of hatched chicks among all treatments. However, hatching BW relative to egg weight was improved when AA solution was injected into the yolk sac at Day 7 of incubation. 
DISCUSSION
In mammals, the nutrition of nursing or postnursing animals affects the subsequent growth and carcass composition of progeny (Knittle and Hirsch, 1968; Winick and Noble, 1967) . In poultry, chicks are affected by the nutrients in yolk remaining in the peritoneal cavity posthatching (Romanoff, 1960) . Because fat and moisture, but not protein, are in excess (Al-Murrani, 1978) , embryonic and postembryonic growth may be improved by AA injection into the egg (Al-Murrani, 1982) .
The ratios of transferred CP, CF, and moisture into embryo were 58, 29, and 64% of egg, respectively, on Day 19 of incubation. The lowest transfer ratio for CF might have been due to the fact that CF is used as an energy source by the embryo (Noble, 1986) . The AA pattern of egg was constant throughout incubation. The AA of albumen are transferred to the embryo at the same ratio, regardless of incubation time (Rupe and Farmer, 1955) . Albumen is absorbed into the yolk sac (Freeman and Vince, 1974) , and AA in yolk and albumen may be utilized at a constant ratio. All AA contents of eggs or embryos, except Gly and Pro, changed similarly with advancing incubation time. This relationship suggests that the AA pattern of egg is an ideal pattern for embryonic growth. However, the proportion of Gly and Pro in the embryo increased with incubation time. Because Gly and Pro are used for collagen synthesis, and collagen is required for tissue synthesis, Gly and Pro may be synthesized from other AA during incubation. Proline is synthesized from several AA, whereas precursors of Gly are limited to only Thr and Ser. Total molecular weight of Gly, Ser, and Thr remained constant throughout incubation time ( Figure  4 ). Therefore, it was concluded that the pattern of AA injected in the embryo should be the same as that in the egg prior to incubation.
There are few studies on optimum time and site for injection of AA into egg. Adequate time and position for AA injection into egg was evaluated in Experiment 2. The results obtained suggest that the AA solution injected into egg yolk may be an effective means to increase chick size without decreasing hatchability. Also, better results were obtained when the AA were injected into the egg yolk on Day 7 of incubation. Results varied as AA administration site varied. Embryos absorb nutrients (including free AA) from yolk sac membrane and oxygen from the chorion that exists in the air cell (Romanoff, 1960) . Therefore, differences may be caused by the sensitivity of the chorion to AA, whereas the yolk sac membrane is not.
The AA content was higher in the egg than in the embryo at Day 19 of incubation (Table 4) , which suggests that the AA content of eggs is sufficient for hatching. AlMurrani (1982) indicated that about 55 mg AA administered to the egg improved protein accumulation of embryo by about 400 mg. Thus, the effect of AA injection on BW of hatched chicks and egg weight in Experiment 2 might have been due to the increased AA content of yolk or the possibility that AA administration heightened the AA utilization of the embryo.
